A purified recombinant human granulocyte-macrophage colony stimulating factor (rH GM-CSF) was a powerful stimulator of mature human eosinophils and neutrophils. The purified rH GM-CSF enhanced the cytotoxic activity of neutrophils and eosinophils against antibody-coated targets, stimulated phagocytosis of serum-opsonized yeast by both cell types in a dose-dependent manner, and stimulated neutrophil-mediated iodination in the presence of zymosan. In addition, rH GM-CSF enhanced Nformylmethionylleucylphenylalanine(FMLP)-stimulated degranulation ofCytochalasin B pretreated neutrophils and FMLPstimulated superoxide production. In contrast, rH GM-CSF did not promote adherence of granulocytes to endothelial cells or plastic surfaces. rH GM-CSF selectively enhanced the surface expression of granulocyte functional antigens 1 and 2, and the Mol antigen. rH GM-CSF induced morphological changes and enhanced the survival of both neutrophils and eosinophils by 6 and 9 h, respectively. These experiments show that granulocytemacrophage colony stimulating factor can selectively stimulate mature granulocyte function.
Introduction
Colony stimulating factors (CSF)' are a group of cell-derived products responsible for the proliferation and differentiation of progenitor cells (1) . Recent evidence also suggests that CSF functionally activate mature cells, a process that takes place in a lineage-specific fashion (2) (3) (4) . In humans, naturally occurring CSF have been only partially purified biochemically (5-7), however, their first definitive identification has been recently achieved by recombinant DNA technology (8, 9) . 1 . Abbreviations used in this paper: ADCC, antibody-dependent cellmediated cytotoxicity; CR3, complement receptor type 3 for the C3bi portion of C3; CSF, colony-stimulating factor; FACS, fluorescence-activated cell sorter, FCS, fetal calfserum; FITC, fluorescein-isothiocyanate; FMLP, N-formylmethionylleucylphenylalanine; GFA, granulocytefunctional antigen; G, granulocyte; GM, granulocyte-macrophage; HPCM, human placental conditioned medium; LPS, lipopolysaccharide; MAb, monoclonal antibodies; M, macrophage; PMA, phorbol-myristate acetate; rH GM-CSF, recombinant human granulocyte-macrophage colony-stimulating factor.
One of these recombinant human granulocyte-macrophage CSF (rH GM-CSF) was cloned from a complementary DNA library prepared from Mo cell messenger RNA and was found to stimulate in cultures of human bone marrow the formation of granulocyte-macrophage (GM) and eosinophil (Eo) colonies (4, 8) , exhibiting all the functions of the previously described CSF-a obtained from human placenta (6) . In all assays used, this was different from CSF-# that has no effect on eosinophil proliferation (6) and from a human-active murine eosinophil-CSF that has no effect on neutrophil progenitor cells (10) . In this paper we definitively show that this rH GM-CSF activates mature human neutrophils as well as eosinophils and that this stimulation is selective as rH GM-CSF does not enhance the adherence of these cells to endothelium or plastic surfaces. In addition, we show that activation is associated with an increase in the expression of certain surface antigens associated with function and with a significant prolongation of cell survival.
Methods

Purification ofhuman neutrophils and eosinophils
These cells were obtained from the peripheral blood ofhealthy volunteers afterdextran sedimentation and centrifugation on agradient ofhypertonic Metrizamide (Nyegaard, A/C, Oslo) as previously described (11). The purity was >95% for neutrophils and >92% for eosinophils. The cells were resuspended in Eagle's minimal essential medium supplemented with 10% fetal calf serum (FCS), 20 mM Hepes buffer, and antibiotics. In experiments involving polarization, iodination, and adherence, blood was collected by using 0.2% ethylenediaminetetraacetic acid as anticoagulant. The neutrophils were isolated by density gradient centrifugation in Hypaque-Ficoll, sedimentation in dextran, and hypotonic lysis of erythrocytes as previously described (12) . The preparation, which always contained >97% neutrophils with an average purity of 98-99%, was suspended in 0.9% sodium chloride at 5 X I0' neutrophils per milliliter.
rH GM-CSF, conditioned media containing CSF, and recombinant human tumor necrosisfactor a (rH TNFa) rH GM-CSF was obtained from the supernatant of COS cells that had been transfected with cloned human GM-CSF cDNA in the p91203 (B) vector as described (8) and incubated in serum-free medium for 4 d. The supernatant was concentrated by ultrafiltration and the GM-CSF was purified to homogeneity as described (8) . Silver-staining of the sodium dodecyl sulfate-polyacrylamide gel electrophoresis of the purified GM-CSF revealed a major band of 19,000 molecular weight. The Percent cytotoxicity was calculated from the formula: (test -control/ total -control) X 100, where "control" was the 5"Cr released by P815 cells in the presence of medium alone, and "total" was the 5"Cr released by the addition of 5% Triton X-100.
Phagocytosis assay
This assay measured the phagocytosis of serum-opsonized baker's yeast and was performed as described (15) and modified (4 
Superoxide production
Purified neutrophils were incubated with medium or different concentrations of rH GM-CSF for 2 h at 370C. After this, 150 1 of cells (106) were mixed with 100 l freshly prepared cytochrome-c (Sigma Chemical Co., type VI, 12.4 mg/ml), 100 Al FMLP (10-6 M), and made up to 1 ml with medium. The mixtures were then incubated at 370C for 5 min, after which the cells were rapidly cooled, centrifuged at 4VC, and the supernatants were transferred to plastic disposable cuvettes. Superoxide production was measured by the reduction of cytochrome-c (18) using an extinction coefficient of 21.1 mM-' (19).
The medium used throughout these assays was RPMI (free ofphenol red) containing 2% FCS. In control experiments, rH GM-CSF did not reduce cytochrome-c in the absence of cells, and superoxide dismutase (Sigma Chemical Co.) completely abolished the reduction ofcytochromec. The results are expressed as the means of triplicate determinations±l SD.
Neutrophil adherence assays
These assays measured the adherence ofneutrophils to human endothelial cells and to plastic. Neutrophils were first radiolabelled with 51Cr by the method ofGallin et al. (20) . Briefly, neutrophils were suspended in Hank's balanced salt solution (HBSS) (Gibco, Grand Island, NY) with 1 mM calcium, 2 mM magnesium, and 0.1% gelatin at 24 X 106/ml and incubated with 24 Ci/ml 5"Cr (as sodium chromate, 200-500 Ci/g, New England Nuclear, Boston, MA) at 37°C for 1 h with periodic gentle agitation. After incubation, free 5"Cr was removed by washing twice with HBSS. Labeled neutrophils were resuspended in RPMI 1640 medium (MA Bioproducts, Walkersville, MD) or in RPMI 1640 medium with 5% FCS at a final concentration of 106/ml.
Adherence to endothelial cells. Endothelial cells were isolated by collagenase treatment of human umbilical cord veins and were maintained in endotoxin-free RPMI 1640 medium with 10% FCS as previously described (21) . In the adherence assay, human endothelial cells were plated in RPMI 1640 medium with 20% FCS in 16-mm-diam wells (Costar, Cambridge, MA) at 105 cells/cm2 and grown to confluence. Prior to assay, the medium was decanted and the endothelial cell monolayers were washed once with RPMI 1640 medium containing 5% FCS. To each well, a total volume of 250 Al was added, containing 5 X 105 5ICr-labeled neutrophils and the test substance. The mixture was then gently agitated and the cells were incubated with the endothelial cell monolayers at 37°C with 5% CO2. After a 30-min incubation, the supernatant medium and the nonadherent 5"Cr-labeled neutrophils were aspirated and each well was washed once with RPMI 1640 medium containing 5% FCS. Aspirated nonadherent neutrophils, incubation medium, and the wash medium from each well were pooled in individual counting tubes and were counted in a gamma spectrophotometer. The endothelial cell monolayers and the adherent 51Cr-labeled neutrophils were then lysed for at least 2 h with 1 M NH4OH. The NH4OH lysate and wash from each well were counted in a gamma spectrophotometer. Adherence was determined as the percent ofthe total 51Cr-cpm added: percent adherence = (5"Cr-cpm in adherent neutrophils)/(Total 51Cr-cpm added) X 100.
Total 51Cr-cpm added was calculated for each well as the sum of 51Cr-cpm in supernatant medium, washes, and lysate. Total 5"Cr-cpm varied between wells by <10%.
Adherence to plastic. 100 ,l of 51Cr-labeled neutrophils (5 X 103) in HBSS containing 0.5% bovine serum albumin were added to roundbottom polyvinylchloride microtiter plates together with 5 JAl ofstimulus and incubated at 37°C. After this, the nonadherent cells were removed as above and adhered and nonadherent cells counted in a gamma counter. Adherence was calculated as above. In each case quadruplicate determinations were made.
Immunofluorescence assay
This was carried out as previously described (22) . Briefly, purified neutrophils (107/ml) were incubated with medium or 2 ng/ml of rH GM-CSF for 1 h at 370C after which they were washed three times and mixed with monoclonal antibodies (MAb) directly conjugated with fluorescein isothiocyanate (FITC) (23). The mouse MAb used were WEM-GI, an IgM directed against granulocyte-functional antigen (GFA)-l (24), WEMGl F(ab')2 directed against GFA-2 (15), Mol-FITC (Coulter Electronics, Inc., Hialeah, FL), an IgM directed against the Mo-l/OKMl antigen (25, 26) in the CD,, cluster, anti-,2 microglobulin (an IgG2b anti-#2m, gift from Dr. I. F. C. Mackenzie), K7 (IgM anti-TNP), and PBIO (an IgGl against the chicken theta antigen, gift from Dr. P. Bartlett, The Walter and Eliza Hall Institute.) The incubation was carried out in microtiter plates for 45 min at 4VC. After being washed three times the cells were fixed before analysis by flow cytometry as described (22) .
Polarization
Changes in cell shape ofneutrophils accompanying activation have been described previously (27) and involve an elongation and assumption of irregular shape by the cell. Granulocytes were incubated with rH GM-CSF or medium at 370C in a 100-,gl volume in conical polypropylene tubes. After incubation, the cells were fixed as previously described (22) and duplicate samples of more than 100 cells were examined in a cellcounting chamber. These changes were accompanied by an increase in the flow cytometric parameter of forward or 00 light scatter (28) which were measured in a flow microfluoremeter (Ortho cytofluorograph) and are expressed as the mean of 15,000 cells. Besides the magnitude of the 00 scatter signal, the pulse width of this signal was also significantly increased.
In eosinophils, a shape change was also observed. The cells assumed a triangular shape with the granules clearly concentrated toward the base. The appearance was strikingly similar to candy corn. 
Statistical analysis
The P values given were derived after comparing the values obtained with cells from the same individual before and after stimulation with CSF by the Student's method ofpaired differences unless stated otherwise.
Results
Effect of rH GM-CSF on ADCC by human neutrophils and eosinophils. rH GM-CSF was found to stimulate the ADCC of tumor cells by both neutrophils and eosinophils. A typical titration curve with neutrophils and eosinophils purified from the same individual showed (Fig. 1 ) that rH GM-CSF was active on both cell types over a wide range of concentrations. Eosinophils consistently responded to a greater degree than neutrophils. In other experiments rH GM-CSF increased the percentage of ADCC by eosinophils from 5.8% to 48.6% (mean of four experiments, P < 0.0001) and in the case of neutrophils, from 12.5% to 31.5% (mean of four experiments, P < 0.001). In the presence of lipopolysaccharide (LPS) at 1 ng/ml the percentage ADCC by neutrophils was 12.8% (mean of two experiments, not significant). The cytotoxicity observed was not due to toxic effects of rH GM-CSF since this material did not induce killing of P815 cells in the absence of either granulocytes or anti-TNP antibody (data not shown). four performed in which neutrophils phagocytosed baker's yeast in the presence of different concentrations of normal human serum. Very little phagocytic activity was observed in the absence of serum. The addition of 2 ng/ml of rH GM-CSF resulted in an increase in neutrophil-mediated phagocytosis of baker's yeast at serum concentrations of 2.5% and 1.25% (Fig. 2) but not 5%, a concentration that appeared to saturate this system. This stimulatory effect of rH GM-CSF was seen both in terms of the number of neutrophils showing phagocytosis and in the number of ingested yeast per neutrophil.
In order to establish the concentration of rH GM-CSF necessary to stimulate neutrophil-mediated phagocytosis, a titration of rH GM-CSF was carried out using 1.2% serum. In one experiment that was representative of three performed, rH-CSF stimulated phagocytosis by neutrophils at 2 and 0.2 ng/ml, but was ineffective at 0.02 ng/ml (Fig. 3) . To test whether this rH GM-CSF was also able to stimulate phagocytosis of serum-opsonized baker's yeast by mature eosinophils, rH GM-CSF was used at 2 ng/ml over a range of serum concentrations. In two experiments performed, rH GM-CSF activated eosinophil-mediated phagocytosis when baker's yeasts were opsonized with 2.5% or 1.2% human serum. One of these experiments is illustrated in Fig. 4 . Similar to its effect on neutrophils, rH GM-CSF increased both the number of eosinophils showing phagocytosis, and the number of ingested yeasts per eosinophil. No stimulation was seen ifhuman serum was omitted or heat-inactivated at 56°C for 40 min. LPS at a concentration between 0.1 and 1 ng/ml (at least 10 times higher than that present in rH GM-CSF) was found not to have an effect in this system (data not shown).
-a = Effect ofrH GM-CSF on neutrophil and eosinophil-mediated phagocytosis. Fig. 2 shows one representative experiment out of Effect of rH GM-CSF on neutrophil degranulation. To test the effect ofrH GM-CSF on neutrophil degranulation, a stimulus which is a complete secretagogue for neutrophils was used and the amount oflysozyme released into the supernatant was measured. rH GM-CSF increased FMLP-stimulated degranulation of Cytochalasin B-treated neutrophils (Table I) . Semi-purified CSF-a had similar effects as did F(ab')2 fragments of the MAb WEM-Gl 1, which was used as a positive control (15) . Neither rH GM-CSF nor CSF-a stimulated lysozyme secretion by themselves (absence of FMLP). Similarly, no lysozyme secretion was detected if neutrophils were not treated with Cytochalasin B or if neutrophils were treated with LPS at 1 ng/ml. In two other experiments rH GM-CSF was found to enhance lysozyme secretion from neutrophils treated with Cytochalasin B and stimulated by 10-8 M FMLP in a dose-dependent manner (Table II) .
Stimulation of neutrophil-mediated iodination by rH GM-CSF. In the absence of a stimulus no iodination by neutrophils takes place during an incubation period of 1 h. The addition of rH GM-CSF alone induced a very low degree of iodination by neutrophils (Table III) . By contrast, and as described previously (29), rH GM-CSF strongly stimulated iodination by eosinophils (data not shown). Similarly to rH GM-CSF, zymosan stimulated very little neutrophil-mediated iodination by itself. However, the addition of rH GM-CSF and zymosan appeared to have a synergistic effect, enhancing iodination by neutrophils to levels significantly greater (P < 0.001) than those obtained by either stimulus alone. (ii), and none (o). Each point is the mean of triplicate determinations. The values obtained with eosinophils treated with rH GM-CSF were significantly different from those obtained with eosinophils treated with medium by x2 analysis (P < 0.001) at 2.5% and 1.2% serum concentrations. Stimulation ofneutrophil superoxide production by rH GM-CSF. A titration of rH GM-CSF showed that neutrophils responded with an increased production of O2 upon stimulation with FMLP asjudged by the increased reduction ofcytochrome-C observed. Fig. 5 shows one representative experiment out of six performed. Very little reduction of cytochrome-C was detected with neutrophils preincubated with rH GM-CSF without the addition of FMLP. LPS at 1 ng/ml did not enhance the neutrophil response to FMLP. That rH GM-CSF but not LPS was responsible for the stimulatory effect on neutrophils was further demonstrated by one experiment in which preincubation ofrH GM-CSF with polymyxin B did not reduce its stimulatory activity.
Effect ofrH GM-CSF on neutrophil adherence. The effect of rH GM-CSF on the ability of neutrophils to adhere to human endothelial cells from umbilical cord veins and plastic surfaces was measured, as these phenomena appear to be the earliest steps leading to neutrophil migration into inflammatory sites. rH GM-CSF was unable to stimulate neutrophil adherence to endothelial cells (Fig. 6 A) . This was in contrast to the effects of PMA, and of rH-TNFa, which increased neutrophil adherence to endothelial cells in a dose-dependent manner (Fig. 6 B) . LPS at 1 ng/ml was also a strong stimulus for neutrophil adherence (not shown). rH GM-CSF was also a very poor stimulus at promoting adherence of neutrophils to plastic (Fig. 7) . In six individuals, the mean adherence in the absence of any stimulus (control) was 4.3±2.2 (percentage±SE). The addition ofrH GM-CSF into the reaction increased adherence to 6.4±2.5 (not significant). By contrast, rH TNF stimulated adherence by 18.9±4.2 (different from control, P < 0.001). In two individuals, however, neutrophils adhered to a relatively larger extent in the absence of stimulus, and in one of these the adherence could be increased by the addition of rH GM-CSF. PMA, used as a positive control, increased adherence to 50.7±9.6 (n = 8, different from control, P<0.00l).
Regulation ofexpression ofgranulocytefunctional antigens by rH GM-CSF. rH GM-CSF was found (Fig. 8) 
PBIO.
The selective upregulation of functional antigens was also demonstrable on human eosinophils. Thus, rH GM-CSF enhanced the expression of GFA-l by 58% and of Mol by 68% but no increase was seen in the binding of anti-p2m, K7, or PB10. LPS at a concentration of 3 ng/ml had no effect on the upregulation of neutrophil and eosinophil functional antigens.
Effect ofrH GM-CSF on granulocyte morphology. Upon incubation with rH GM-CSF at 370C a change in the shape of granulocytes was noted. The neutrophils appeared irregular in shape and elongated and eosinophils assumed a triangular shape with the granules concentrated near the base. These changes were interpreted as polarization. The change in shape in neutrophils was similar to that seen with FMLP and other stimuli. A titration of rH GM-CSF showed that most neutrophils were polarized at 15 min at rH GM-CSF concentrations of 0.2 ng/ ml and above (Fig. 9 A) similar dose response with rH GM-CSF. Four other experiments gave similar results but with up to a fourfold variation in the dose ofrH GM-CSF required to induce maximal responsiveness depending on the individual tested. The polarization of neutrophils by rH GM-CSF was seen within 5 min (Fig. 9 B) . The changes observed by light microscopy were also reflected by an increase in the 00 light scatter of neutrophils as measured by flow cytometry (Fig. 9 B) . The 00 light scatter also reflected the dose response relationship (data not shown). Effect ofrH GM-CSF on the survival ofmature neutrophils and eosinophils. rH GM-CSF increased the survival of mature neutrophils as well as eosinophils in vitro. In four experiments performed, determinations of the time points at which 50% of plated cells were still alive revealed that rH GM-CSF significantly enhanced the median survival in vitro of eosinophils from 30 h (medium control) to 39 h (P < 0.005), and that of neutrophils from 22 h (medium control) to 28 h (P < 0.0025). In each case a titration of rH GM-CSF was carried out. A representative experiment out of eight performed is shown in Fig. 10 where neutrophils were examined after 28 h and eosinophils were examined after 31 h of incubation. rH GM-CSF at a concentration as low as 5 pg/ml was enough to support maximum levels of survival of both neutrophils and eosinophils. As the rH GM-CSF was diluted out, the number of viable cells rapidly decreased. The percentage of viable cells in cultures containing only medium with FCS was -25% of that seen with optimal amounts of rH GM-CSF at these time points.
Discussion
In this paper we definitively show that a purified recombinant human GM-CSF (rH GM-CSF) stimulates the function of mature neutrophils as well as eosinophils, enhances the expression of functional antigens, and prolongs their survival in vitro.
Previous experiments in the mouse have shown that macrophages could be stimulated by GM-CSF to kill parasites (30) and by macrophage-CSF (M-CSF) to produce plasminogen activator (31) . Furthermore, both granulocyte-CSF (G-CSF) and GM-CSF purified to homogeneity were shown to activate mouse neutrophils and G-CSF also stimulated human neutrophil but not eosinophil function (3) .
In the human, early experiments had strongly suggested that one of the chief effects of CSF was the activation of mature granulocytes. For example, human placental conditioned medium (HPCM), a rich source of CSF, stimulated the killing of parasites by eosinophils (32) , and HPCM as well as semipurified CSF-a and CSF-,B enhanced the ADCC oftumor cells by human neutrophils (2) . In addition, human mononuclear cell supernatants with CSF activity were found to enhance the helminthotoxic capacity ofeosinophils (33) and stimulated neutrophils to kill microorganisms and tumor cells (34, 35) . More impor- tantly, fractionation of these mononuclear cell supernatants showed that the fractions with CSF activity co-chromatographed with fractions showing stimulation ofkilling by neutrophils and eosinophils (35) .
Subsequent studies showed that GM-CSF purified from Mo cells-conditioned medium inhibited the migration of human neutrophils in agarose (7), and that the purified recombinant GM-CSF molecule increased superoxide anion production by neutrophils stimulated with FMLP (36). Preliminary experiments also showed that this material enhanced the cytotoxic and phagocytic activities of neutrophils (4) . In this paper we confirm some of these findings and extend these observations to show that rH GM-CSF stimulates several but not all parameters ofgranulocyte function and is active on eosinophils as well as on neutrophils.
The first point of interest was that rH GM-CSF stimulated both neutrophil and eosinophil function (Figs. 1-5 , Tables I-III) . This is notable since the stimulation of function in both cell types previously seen with CSF-a (2) can now be attributed to a single molecule. It should also be pointed out that in some assays (e.g., ADCC), the stimulation of eosinophil function was stronger than that of neutrophil function, a pattern not seen with CSF-a (2; and our unpublished observations). Thus, it is still possible that another stimulatory molecule was present in CSF-a which was responsible for the strong stimulation of neutrophil function.
A second point of interest was the enhancement of the expression of GFA-l, GFA-2, and Mo-l but not f32m by rH GM-CSF, which suggests that CSFs, like the bacterial products LPS and FMLP (22) , and the complement component C5a (37), selectively up-regulate the surface expression offunctionally important molecules. In fact, the increase in binding of both radiolabeled C3bi (38) and ofantibody to the complement receptor type 3 (CR3) for C3bi (39) on neutrophils incubated with Raji cell supernatants may be due to the up-regulation ofthis receptor (which is located on the Mol antigen) by CSF present in such supernatants. The upregulation of granulocyte functional antigens may be one important mechanism by which CSF and other factors play a role in vivo.
The stimulation of granulocytes by rH GM-CSF involved two types offunctions. One was opsonin-dependent and encompassed ADCC (Fc-mediated) and fresh serum-dependent phagocytosis (complement-mediated). Enhancement of this type of function may be useful in vivo where activation of granulocytes by GM-CSF may not take place until granulocytes encounter the appropriate target. Although it can be argued that stimulation of this type of function is secondary to an increase in the relevant receptors (i.e. Fc, CR3) on granulocytes (Fig. 8) , the magnitude of the different responses and the lack of effect of rH GM-CSF on adherence (see below) would suggest that this is not the only mechanism by which rH GM-CSF exerts its function. The second type of functions stimulated by CSF depends on a secondary stimulus, FMLP in the case of°2 production and degranulation, and zymosan in iodination experiments. While the stimulation of these functions may reflect changes in FMLP and zymosan receptor numbers or behavior, note that the stimulation observed is much greater than that seen with maximal FMLP doses, which suggests an increased intrinsic responsiveness to this agent.
The failure of rH GM-CSF to enhance the adhesiveness of neutrophils to plastic or endothelial surfaces was a notable negative finding, showing that the stimulation of granulocyte function by rH GM-CSF is selective. The adherence of granulocytes to vascular endothelium is the initial step in the emigration of these cells into the tissues, and as such is central to the process of inflammation (40) . This adherence of granulocytes to endothelium has been shown to be influenced by bacterial products and components ofthe complement cascade (41), platelet products (42), and more recently by rH TNFa (43) . These data suggest that while GM-CSF may be of great importance in stimulating human neutrophil and eosinophil function at the site of inflammation, cell-derived products other than GM-CSF are responsible for stimulating granulocyte adherence leading to their emigration into inflammatory sites. This is an important point in future considerations involving the therapeutic administration of CSF, as it would suggest that the clinical use of CSF may be safe inasmuch as thrombotic reaction would not be predicted to occur.
Since these adhesive phenomena appear to involve the surface glycoproteins with C3bi receptor function (43), our negative findings are also important when contrasted with the results with phagocytosis also apparently dependent on the same neutrophil structure (44) . This would support the notion that the stimulatory phenomena involve mechanisms apart from up-regulation of these surface receptors.
The rapid induction of morphological changes was similar to those noted in neutrophils incubated with FMLP (45) and phorbol myristate acetate (PMA) (27), and in the latter case these changes could be correlated with superoxide release and activation of protein kinase C. FMLP was also shown to cause polarization of human neutrophils which parallelled F-actin depolymerization and redistribution (46) . The polarization ofneutrophils by rH GM-CSF could also be detected by flow cytometry as judged by the increase in forward light scatter, an increase also seen when neutrophils were stimulated with FMLP and PMA (28). Taken together, these data suggest that rH GM-CSF induces morphological changes in neutrophils also seen with other activating agents and that these may be a reflection of cytoskeleton modifications and the state ofactivation ofthe cells.
The last parameter examined of granulocyte stimulation by rH GM-CSF was the survival in vitro. CSF is known to prolong the survival of bone marrow progenitor cells (1) , and mouse M-CSF (CSF-1) has been shown to be required for the survival of bone marrow, resident peritoneal, and cultured peritoneal exudate macrophages (47) . The demonstration that rH GM-CSF can extend the survival of both human neutrophils and eosinophils is in agreement with the specificity shown in functional assays. This effect may be beneficial in vivo by giving granulocytes a longer life span to carry out their effector function.
rH GM-CSF prolonged the survival of neutrophils for -6 h and that of eosinophils for -9 h. While the in vivo relevance of this phenomenon is not yet known the prolongation of granulocyte survival in peripheral blood may account for rapid changes in blood neutrophil numbers not previously explicable by demargination or bone marrow production. The The effects of rH GM-CSF on mature cells clearly encompasses activation, enhanced antigen expression, and survival. The degree to which these three parameters are related is not yet clear and it is possible that most parameters of activation may be explicable by the effect on receptor numbers and on survival. Regardless ofthe exact mechanism involved, the functional effects of rH GM-CSF on mature cells is likely to be biologically significant, and one that could be exploited therapeutically. For example, CSF may be a useful adjunct in the treatment of infections as well as in the ex vivo prolongation of granulocyte survival. In addition, the effect on mature cells will have to be taken into account when these substances are administered systemically to stimulate the proliferation and differentiation of bone marrow cells.
